INTRODUCTION
Fatigue is a very common and disabling symptom in patients with multiple sclerosis (MS), reported by over 75% of MS patients at some point in the course of the disease. [1] [2] [3] Nevertheless, the mechanism of fatigue in MS patients remains poorly understood. The proposed causes range from altered cerebral activation or influences and effects of pro-inflammatory cytokines to sleep disorders or depression. 4 Even less is known about fatigue among patients with a clinically isolated syndrome (CIS), often the presenting symptom of MS.
In this study, we aimed to investigate the prevalence and severity of fatigue in patients with CIS, and its association with a diagnosis of clinically definite MS (CDMS).
Low vitamin D has been associated with fatigue in several conditions, such as systemic lupus erythematosus (SLE) 5 6 and traumatic brain injury, 7 and is considered to be involved in the development and disease course of MS. [8] [9] [10] Therefore, a second aim of this study was to investigate if fatigue was associated with the vitamin D status of patients with CIS.
To do this, fatigue, 25-OH-D concentrations (the metabolite best reflecting vitamin D status) 11 and other clinical parameters were measured in our ongoing prospective multicentre CIS study.
METHODS Participants
Patients were consecutively included in our ongoing prospective CIS study, the PROUD study (Predicting the Outcome of a Demyelinating event). This observational study is a multicentre study of our tertiary referral centre for MS in collaboration with several regional hospitals. Patients with CIS suggestive of MS are included if they give informed consent and fulfil the following inclusion criteria: age between 18 and 50 years, inclusion within 6 months after symptom onset and no serious comorbidity. At baseline, clinical and demographic data are collected, an MRI is performed and fatigue is assessed. For the present investigation, we applied the following supplementary inclusion criterion: time between fatigue assessment and blood sampling less than 2 months. Patients with alternative diagnoses were excluded from the analyses, as well as patients with comorbidity likely to cause fatigue, other than depression. All patients were followed prospectively and were seen regularly for clinical reassessment. The Ethics Committee of the Erasmus MC University Medical Center Rotterdam approved the study protocol and informed consent was obtained from all participants.
To compare the prevalence and severity of fatigue between patients with CIS and controls, we used data from a group of 113 healthy controls included previously in our centre. 12 These controls were volunteers recruited from hospital personnel, relatives or friends of patients visiting the outpatient clinic, and volunteers unfamiliar with the study. They had declared themselves to be healthy and not taking any medication that could contribute to fatigue. We also compared the fatigue of patients with CIS with healthy controls and MS patients from the literature. 13 
14

Definitions
Exacerbation was defined as a worsening of existing symptoms or the appearance of new symptoms lasting for more than 24 h, after a period of more than 30 days of improvement or stability, confirmed by neurologic examination. 15 A temporary neurological deterioration associated with fever was not considered as an exacerbation. All patients in this study were termed CIS, and also included patients who fulfilled the 2010 McDonald criteria. CDMS was diagnosed when there was clinical evidence for dissemination in space and time as described by Poser et al.
16
Instruments and clinical data Fatigue was assessed using Krupp's Fatigue Severity Scale (FSS). 17 This is a self-administered questionnaire that is widely used and has been validated for use in patients with MS. 13 14 17 It has nine items and seven possible responses per item, ranging from 1 (strong disagreement) to 7 (strong agreement). The mean value of the nine items is the final score. Fatigue is defined as an FSS score of ≥5.0.
18-20
Since fatigue is known to be associated with depression, we also measured depression, using the Hospital Anxiety and Depression Scale (HADS). The HADS is a self-administered questionnaire consisting of 14 items measuring symptoms of anxiety (7 items) and depression (7 items). 21 22 Neuroanatomical localisation of CIS was determined at baseline and divided into the following groups: optic nerve, spinal cord, brain stem, other and multiregional.
Measurement of 25-OH-D
Concentrations of 25-OH-D were determined by a radioimmunoassay method (DiaSorin, USA) using an extraction method. The inter-assay variation coefficient at a concentration of 62 and 109 nmol/L is 11.6% and 10.3%, respectively. The intra-assay variation coefficient at the levels is 5.7% and 6.6%, respectively.
MRI
All brain MRIs were performed on 1.5 T scanners with a standard head coil (Philips, Best, the Netherlands, or General Electric, Milwaukee, Wisconsin, USA). Scans typically consisted of an axial T1-weighted sequence, an axial spin echo proton density-weighted and T2-weighted sequence, and an axial fluid-attenuated inversion recovery sequence, with 2-5 mm images. Postgadolinium T1-weighted sequences were added by the radiologist on indication in patients with T2 lesions suggestive of demyelination. Scans were scored for dissemination in space according to the 2010 McDonald criteria (≥1 lesion in at least two of the following areas: periventricular, juxtacortical, infratentorial or spinal cord) 23 and for gadolinium enhancement. All brain MRIs were performed within 3 months of symptom onset.
Statistical analysis
Fatigue was analysed both as a continuous variable (FSS) and as a dichotomous variable (yes/no with FSS 5.0 as a cut-off value).
Comparison of continuous variables between groups was done using Student t test or ANOVA. Student t test was also used to compare the mean FSS of patients with CIS with values from the literature. Dichotomised variables were compared using the χ 2 test. To calculate the association of two continuous variables, correlation analysis was used. The association of fatigue with the diagnosis of CDMS was analysed using survival analysis with univariate and multivariate Cox regression models. In these analyses, 25-OH-D levels were divided into two groups (low: <50 nmol/L, and high: >50 nmol/L). Anxiety and depression were included in the model as dichotomous variables. All calculations were done using SPSS V.21 for Windows.
RESULTS Participants
Of the 137 patients in our ongoing CIS study who fulfilled the inclusion criteria, 7 were excluded from the analyses because of alternative diagnoses and 3 were excluded from the analyses because of comorbidity likely to cause fatigue (1 Crohn
Fatigue
Fifty-nine patients (46.5%) suffered from fatigue, and the mean FSS for patients with CIS was 4.3 (SD 1.9). In the control group, fatigue was significantly less prevalent (5.3%, p<0.001) and less severe (mean FSS 2.9 (SD 1.1), p<0.001). Similarly, in healthy individuals from the literature, the mean FSS was 3.00 (SD 2.24) 13 and 3.31 (SD 1.38), 14 which was significantly lower than in patients with CIS (both p<0.001). The FSS of our patients with CIS was similar to that of the MS patients in the cited studies 13 14 (mean 4.66, SD 1.64 and mean 4.81, SD 1.46, both p>0.05). FSS scores did not depend on gender or age.
The mean FSS did not differ significantly between patients with different neuroanatomical localisations of CIS. FSS scores did not depend on the time between symptom onset and filling out of the questionnaires.
Fatigue was not associated with 25-OH-D levels: neither with FSS as a continuous variable, nor with fatigue as a dichotomous variable. FSS was not associated with age, nor with MRI measures (number of T2 lesions, gadolinium enhancement, and normal versus abnormal MRI). FSS correlated with both anxiety (r=0.44, p<0.001) and depression (r=0.51, p<0.001).
In univariate analysis, fatigue was associated with a diagnosis of CDMS both as a continuous variable (HR 1.3, 95% CI 1.1 to 1.6) and as a dichotomous variable (HR 2.6, 95% CI 1.5 to 4.6). Thirty-two (61.5%) of 52 patients who reached CDMS suffered from fatigue, versus 27 (36.0%) of 75 patients who did not reach CDMS. Patients suffering from fatigue had a shorter time to diagnosis than non-fatigued patients: 32 months in fatigued patients versus 54.8 months in non-fatigued patients (Log Rank test: p=0.001). The Kaplan-Meier curve of time to CDMS for patients with and without fatigue is shown in figure 1 .
25-OH-D
The mean 25-OH-D concentration of patients with CIS was 67.6 nmol/L (SD 34.4). 25-OH-D levels showed a seasonal fluctuation with the peak level in July and nadir in January. Thirty-one patients (24.4%) had low vitamin D levels (<50 nmol/L). We found no association between 25-OH-D levels and a diagnosis of CDMS (HR for the low-level group 1.5, 95% CI 0.8 to 2.8). Since in a recent study 10 an increased risk for CDMS was found for only the lowest 10% of 25-OH-D concentrations, we also analysed the risk of CDMS for 25-OH-D divided into 10 equal groups, but we did not find an increased risk in the lowest 25-OH-D level group, not even when men and women were analysed separately. 25-OH-D levels were also not associated with time to CDMS, MRI measures and presence of anxiety or depression.
Multivariate analysis
In a multivariable model correcting for sex, age, localisation of symptoms, vitamin D, anxiety, depression, number of T2 lesions and gadolinium enhancement, the association of fatigue with CDMS was significant, with an HR for CDMS in fatigued patients of 4.5 (95% CI 1.9 to 10.6). Also in the multivariable model, low 25-OH-D levels were not associated with CDMS (HR 0.9, 95% CI 0.3 to 2.1). In fact, fatigue turned out to be the most significant predictor for CMDS in the model. HRs are shown in table 2.
DISCUSSION
In this study, we show that fatigue is a common symptom in patients with CIS, with almost half of patients (46.5%) suffering from it. The prevalence and the severity of fatigue in patients with CIS are significantly higher than in healthy persons, and similar to the fatigue in MS patients. Importantly, we found that fatigue is associated with a greater risk of CDMS, even independent of MRI measures. The mean time to diagnosis is significantly shorter in patients suffering from fatigue than in non-fatigued patients.
There are several possible explanations for fatigue in patients with CIS. First, it is known that fatigue correlates with neurological disability, 24 so the fatigue in patients with CIS could be related to the attack itself. However, one would expect this fatigue to differ among patients with different neuroanatomical localisations of CIS (eg, lower FSS in patients with optic neuritis) or lesion loads, and to improve along with amelioration of symptoms; we did not find any association with neuroanatomical localisation, nor with lesion load, nor with time from symptom onset. Second, fatigue could be due to the psychological impact of getting a possible diagnosis of MS. Indeed, we found an association with anxiety and depression, a phenomenon that has been shown previously. 25 Nevertheless, correction for anxiety and depression in the multiple regression analysis did not influence the association between fatigue and CDMS. Third, fatigue could be related to the second attack, which would explain the association with CDMS. However, as the mean time to the second attack in patients who reach a diagnosis of CDMS is 21.1 months, this does not seem very likely. We favour a fourth explanation: that the fatigue of patients with CIS is the MS-related fatigue presenting itself already at the moment of CIS, independent of the type or severity of CIS. One previous study 26 has shown that fatigue sometimes precedes other symptoms in MS and another study 27 described fatigue in early MS; however, in both studies, fatigue was not studied separately in patients with CIS. Although fatigue is very frequently seen in all subtypes of MS, 28 its pathophysiology is still not well understood. It is likely to be multifactorial, with major roles for inflammatory cytokines associated with the disease combined with CNS dysfunction and secondary mechanisms such as sleep disorders or depression. 4 28 We did not find associations of fatigue with MRI measures. In this study, we also tested the hypothesis that vitamin D is involved in fatigue, but we did not find any evidence for this in patients with CIS. Also, we could not confirm the earlier described association between low vitamin D concentrations in patients with CIS and risk of CDMS. 10 29 Here, a lack of power cannot be ruled out, but the association, if it exists, will be small as the HR is only 1.2.
Fatigue is a serious disabling symptom of MS, with a negative impact on quality of life. Our study is the first to show that already at the stage of CIS fatigue is very common, with a severity similar to fatigue in MS patients. This fatigue is unrelated to the type or severity of the attack. In addition, we found that fatigue was predictive for definite MS, independent of vitamin D and known predictors of a subsequent diagnosis of MS such as the McDonald 2010 criteria.
